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(57) ABSTRACT

Provided are an encoding system using motion estimation
and an encoding method using motion estimation for achiev-
ing high-speed motion estimation according to a multi-
processing unit. The encoding system using motion estima-
tion, comprises a multi-processing unit calculating motion
estimation on many macroblocks of an input 1mage, a
motion estimator estimating motion vectors of the macrob-
locks of the input 1image using the motion estimation on the
plurality of macroblocks, previously calculated by the multi-
processing unit, and an encoder encoding the image based
on the motion vectors of the macroblocks, estimated by the
motion estimator. According to the present invention,
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ENCODING SYSTEM USING MOTION
ESTIMATION AND ENCODING METHOD
USING MOTION ESTIMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.
No. 12/737,827 filed on Feb. 18, 2011, which i1s the U.S.

national phase of PCT Application No. PCT/KR2008/
0066358 filed on Nov. 12, 2008, which claims the benefit of
Korean Application No. 10-2008-0021543 filed on Mar. 7,
2008, with the Korean Intellectual Property Oflice, the
disclosures of which are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to an encoding system using,
motion estimation, and more particularly, to an encoding
system using motion estimation and an encoding method
using motion estimation for processing operations required
for motion estimation according to a multi-processing unit
capable of performing high-speed processing to achieve
high-speed motion estimation.

BACKGROUND ART

Digitalization and image compression techniques are core
clements supporting multimedia. Image compression
becomes very important as information 1s rapidly digi-
talized.

An MPEG based video encoder removes 1mage repetition
in a temporal direction using motion estimation. Particularly,
h.264 can obtain a compression rate higher than that of a
conventional MPEG video encoder by using an improved
motion estimation method such as quarter pel based motion
estimation, motion estimation using a variable block, motion
estimation using multiple frame referencing, estimation
using weights and Lagrange cost based motion estimation.
However, the h.264 has to process a large quantity of
computations as compared to the conventional MPEG video
encoder because the h.264 uses the improved motion esti-
mation method.

A motion estimation algorithm of the h.264 estimates a
motion vector Mp of a current macroblock from a motion
vector of a previous macroblock, obtains a cost that con-
siders the quantity of data required to encode a difference
between the motion vector Mp and an initially estimated
motion vector together with a video error 1n motion estima-
tion through Lagrange multiplier represented by Equation 1
and estimates a candidate motion vector Mv corresponding
to a smallest cost as a final motion vector to improve
encoding efliciency.

[Equation 1]

Cost=SAD+ix(Mp-Mv) [6]

A conventional hardware based motion estimation system
supporting the aforementioned motion estimation algorithm
performs encoding macroblock by macroblock, encodes a
single macroblock, and then processes the next macroblock
in a raster scan direction.

The conventional hardware based motion estimation sys-
tem supporting the motion estimation algorithm has to
process the quantity of computations multiple times the
quantity of computations processed by conventional MPEG-
1,2,4 video encoders to encode a single frame, and thus a
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2

relatively long encoding time t 1s required and most of the
encoding time t 1s consumed for operations for motion
estimation.

Recently, a system capable of simultaneously processing,
a large number of computations i1n parallel has been devel-
oped with the development of hardware. Particularly,
graphic hardware based on a graphic process unit (GPU)
includes many processing units for processing 3D 1mages 1n
a single system.

Accordingly, the present invention improves the operation
processing speed of an h.264 encoder by using many pro-
cessors capable of simultaneously processing a large number
of computations 1n parallel.

DISCLOSURE OF INVENTION
Technical Problem

Accordingly, the present invention has been made to solve
the above-mentioned problems occurring in the conven-
tional art, and a primary object of the present mnvention 1s to
provide an encoding system capable of achieving high-speed
motion estimation, which comprises a multi-processing unit
calculating motion estimation on many macroblocks of an
input 1mage, a motion estimator estimating motion vectors
of the macroblocks of the input image using the motion
estimation on the plurality of macroblocks, previously cal-
culated by the multi-processing unit, and an encoder encod-
ing the image based on the motion vectors of the macrob-
locks, estimated by the motion estimator.

Another object of the present invention 1s to provide an
encoding system using motion estimation, which comprises
a frame bufler delaying an input image and outputting the
delayed 1mage, a multi-processing unit calculating motion
estimation on many macroblocks of a current frame of the
input 1image on the basis of the current frame of the nput
image and a delayed previous frame from the frame bufler,
a motion estimator estimating motion vectors of macrob-
locks of the image using the motion estimation on the
plurality of macroblocks, previously calculated by the multi-
processing umt, and an encoder encoding the image based
on the motion vectors of the macroblocks, estimated by the
motion estimator.

Still another object of the present invention 1s to provide
an encoding method using motion estimation, which com-
prises the steps of calculating motion estimation on many
macroblocks of an mput image i advance 1n a multi-
processing unit, estimating motion vectors of the macrob-
locks of the input 1image using the motion estimation on the
plurality of macroblocks, previously calculated by the multi-
processing unit, and encoding the 1mage based on the motion
vectors of the macroblocks.

Yet another object of the present mvention 1s to an
encoding method using motion estimation, which comprises
the steps of delaying an iput image and outputting the
delayed image, calculating motion estimation on many
macroblocks of a current frame of the mput image in
advance on the basis of the current frame of the input image
and the delayed previous frame in a multi-processing unit,
estimating motion vectors of macroblocks of the image
using the motion estimation on the plurality of macroblocks,
previously calculated by the multi-processing unit, and
encoding the image based on the motion vectors of the
macroblocks.

Technical Solution

To accomplish the objects of the present invention, an
encoding system using motion estimation according to a first
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aspect of the present invention comprises a multi-processing
unit calculating motion estimation on many macroblocks of
an put 1mage, a motion estimator estimating motion vec-
tors of the macroblocks of the input image using the motion
estimation information of the macroblocks, previously cal-
culated by the multi-processing unit, and an encoder encod-
ing the 1mage based on the motion vectors of the macrob-
locks, estimated by the motion estimator.

The motion estimator may estimate motion vectors of
many macroblocks included in frames of the image in a
raster scan direction using the motion estimation informa-
tion previously calculated by the multi-processing unit.

The multi-processing unit may calculate the motion esti-
mation information at least one frame prior to a frame of the
image, which 1s processed by the motion estimator or the
encoder.

The multi-processing unit may calculate SAD values or
SSD values for the motion vectors of the macroblocks.

The motion estimator may estimate the motion vectors of
the macroblocks using the motion estimation information on
the macroblocks, previously calculated by the multi-pro-
cessing unit, on the assumption that the estimated motion
vector of the previous macroblock corresponds to a prede-
termined fixed value.

The multi-processing unit may calculate SAD values or
SSD values for the motion vectors of the macroblocks and
calculates costs of the macroblocks according to the follow-
ing equation based on Lagrange cost using the SAD values
or SSD values and the estimated motion vector of the
previous macroblock, which 1s assumed to be the predeter-
mined fixed value.

Cost=SAD+Ax(Mp-Mv) [21]

where Cost denotes the quantity of bits required to encode
a motion vector, Mv represents a candidate motion vector
corresponding to a macroblock for which a motion vector
will be estimated, and Mp denotes a motion vector estimated
from the previous macroblock of the macroblock.

The predetermined fixed value may correspond to (0, 0).

The motion estimator may estimate a candidate motion
vector corresponding to a minimum cost among costs of a
macroblock, previously calculated by the multi-processing
units, as a motion vector of the macroblock.

The encoding system may further comprise a motion
vector storage unit storing the motion vectors of the mac-
roblocks, estimated by the motion estimator.

To accomplish the objects of the present invention, an
encoding system using motion estimation according to a
second aspect of the present invention comprises a frame
bufler delaying an input image and outputting the delayed
image, a multi-processing unit calculating motion estimation
information of macroblocks of a current frame of the mput
image on the basis of the current frame of the mput image
and a delayed previous frame from the frame bufler, a
motion estimator estimating motion vectors of macroblocks
of the image using the motion estimation on the plurality of
macroblocks, previously calculated by the multi-processing
unit, and an encoder encoding the image based on the
motion vectors of the macroblocks, estimated by the motion
estimator.

The motion estimator may estimate motion vectors of
many macroblocks included in frames of the image in a
raster scan direction using the motion estimation previously
calculated by the multi-processing unat.

The multi-processing unit may calculate the motion esti-
mation at least one frame prior to a frame of the image,
which 1s processed by the motion estimator or the encoder.
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The multi-processing unit may calculate SAD values or
SSD values for the motion vectors of the plurality of
macroblocks as the motion estimation on the plurality of
macroblocks.

The multi-processing unit may calculate SAD values or
SSD values for the motion vectors of the macroblocks and
calculates costs of the macroblocks according to the follow-
ing equation based on Lagrange cost using the SAD values
or SSD values and an estimated motion vector of a previous
macroblock, which 1s assumed to be a pre-determined fixed
value, as the motion estimation on the plurality of macrob-
locks.

Cost=SAD+ix(Mp-Mv) [31]

where Cost denotes the quantity of bits required to encode
a motion vector, Mv represents a candidate motion vector
corresponding to a macroblock for which a motion vector
will be estimated, and Mp denotes a motion vector estimated
from the previous macroblock of the macroblock.

The predetermined fixed value of the estimated motion
vector may correspond to (0,0).

The motion estimator may estimate a candidate motion
vector corresponding to a minimum cost among costs of a
macroblock, previously calculated by the multi-processing
units, as a motion vector of the macroblock.

To accomplish the objects of the present invention, an
encoding method using motion estimation according to a
third aspect of the present mnvention comprises the steps of
calculating motion estimation on many macroblocks of an
input 1mage 1n advance 1n a multi-processing unit, estimat-
ing motion vectors of the macroblocks of the mput image
using the motion estimation on the plurality of macroblocks,
previously calculated by the multi-processing unit, and
encoding the image based on the motion vectors of the
macroblocks.

The step of estimating the motion vectors of the macro-
blocks may estimate motion vectors of many macroblocks
included 1n frames of the 1mage in a raster scan direction
using the motion estimation previously calculated by the
multi-processing unit.

The step of calculating the motion estimation in advance
may calculate the motion estimation at least one frame prior
to the step of estimating the motion vectors of the step of
encoding the image.

The step of calculating the motion estimation 1n advance
may calculate SAD values or SSD values for the motion
vectors of the plurality of macroblocks as the motion esti-
mation on the plurality of macroblocks.

The step of calculating the motion estimation in advance
may comprise the steps of calculating SAD values or SSD
values for the motion vectors of the macroblocks and
calculating costs of the macroblocks according to the fol-
lowing equation based on Lagrange cost using the SAD
values or SSD values and an estimated motion vector of a
previous macroblock, which 1s assumed to be a predeter-
mined fixed value, as the motion estimation on the plurality
ol macroblocks.

Cost—=SAD+Ax(Mp-Mv) [40]

where Cost denotes the quantity of bits required to encode
a motion vector, Mv represents a candidate motion vector
corresponding to a macroblock for which a motion vector
will be estimated, and Mp denotes a motion vector estimated
from the previous macroblock of the macroblock.

The predetermined fixed value of the estimated motion
vector may correspond to (0,0).
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The step of estimating the motion vectors of the macro-
blocks may estimate a candidate motion vector correspond-
ing to a minimum cost among costs ol a macroblock,
previously calculated by the multi-processing units, as a
motion vector of the macroblock.

To accomplish the objects of the present invention, an
encoding method using motion estimation according to a
fourth aspect of the present invention comprises the steps of
delaying an mput image and outputting the delayed image,
calculating motion estimation on many macroblocks of a
current frame of the 1input 1mage 1n advance on the basis of
the current frame of the mput image and the delayed
previous frame in a multi-processing unit, estimating motion
vectors of macroblocks of the image using the motion
estimation on the plurality of macroblocks, previously cal-
culated by the multi-processing unit, and encoding the
image based on the motion vectors of the macroblocks.

The step of estimating the motion vectors of the macro-
blocks may estimate motion vectors of many macroblocks
included 1n frames of the image in a raster scan direction
using the motion estimation previously calculated by the
multi-processing umnit.

The step of calculating the motion estimation 1n advance
may calculate the motion estimation at least one frame prior
to the step of estimating the motion vectors of the step of
encoding the image.

The step of calculating the motion estimation 1n advance
may calculate SAD values or SSD values for the motion
vectors of the plurality of macroblocks as the motion esti-
mation on the plurality of macroblocks.

The step of calculating the motion estimation 1n advance
may comprise the steps of calculating SAD values or SSD
values for the motion vectors of the macroblocks and
calculating costs of the macroblocks according to the fol-
lowing equation based on Lagrange cost using the SAD
values or SSD values and an estimated motion vector of a
previous macroblock, which 1s assumed to be a predeter-
mined fixed value, as the motion estimation on the plurality
of macroblocks.

Cost=SAD+Ax(Mp-Mv) [49]

where Cost denotes the quantity of bits required to encode
a motion vector, Mv represents a candidate motion vector
corresponding to a macroblock for which a motion vector
will be estimated, and Mp denotes a motion vector estimated
from the previous macroblock of the macroblock.

The predetermined fixed value of the estimated motion
vector may correspond to (0,0).

The step of estimating the motion vectors of the macro-
blocks may estimate a candidate motion vector correspond-
ing to a minimum cost among costs of a macroblock,
previously calculated by the multi-processing units, as a
motion vector of the macroblock.

Advantageous Effects

According to the encoding system using motion estima-
tion and the encoding method using motion estimation of the
present invention, the multi-processing unit capable of per-
forming high-speed parallel processing separately from
motion estimation calculates motion estimation on macro-
blocks, which will be used for motion estimation, 1n advance
and the motion estimator uses the motion estimation previ-
ously calculated and stored for motion estimation, and thus
an encoding time required to encode a single frame of an
image can be reduced to increase the encoding speed of the
encoding system.
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Furthermore, according to the encoding system using
motion estimation and the encoding method using motion
estimation of the present invention, the multi-processing
unmt capable of performing high-speed parallel processing
separately from motion estimation calculates motion esti-
mation on macroblocks, which will be used for motion
estimation, 1n advance using a previous frame of the delayed
input 1mage 1stead of a reconfigured previous frame and the
motion estimator uses the motion estimation previously
calculated and stored for motion estimation. Accordingly, an
encoding time required to encode a single frame of an 1mage
can be reduced to increase the encoding speed of the
encoding system.

BRIEF DESCRIPTION OF DRAWINGS

Further objects and advantages of the invention can be
more fully understood from the following detailed descrip-
tion taken in conjunction with the accompanying drawings,
in which:

FIG. 1 1s a control block diagram of an encoding system
using motion estimation according to a first embodiment of
the present mnvention;

FIG. 2 1s a control block diagram of an encoding system
using motion estimation according to a second embodiment
of the present invention;

FIG. 3 1s a control block diagram of an encoding system
using motion estimation according to a third embodiment of
the present invention;

FIG. 4 1s a control block diagram of an encoding system
using motion estimation according to a fourth embodiment
of the present invention;

FIG. 5 1s a control flow chart of an encoding method using,
motion estimation according to an embodiment of the pres-
ent 1nvention:

FIG. 6 1s a control flow chart of an encoding method using,
motion estimation according to another embodiment of the
present 1nvention;

FIG. 7 illustrates an exemplary frame processing flow
according to an encoding system and method using motion
estimation 1n accordance with an embodiment of the present
invention; and

FIG. 8 illustrates an exemplary frame processing flow
according to an encoding system and method using motion
estimation 1n accordance with another embodiment of the
present invention.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(Ll

The multi-processor 25 corresponding to the plurality of
processors calculates SAD values of all motion vectors in
search regions corresponding to the macroblocks of the
current frame f(n+1) of the input 1image on the basis of the
current frame f(n+1) and a previous frame f(n) correspond-
ing to the input image, provided by the frame builer 80. That
1s, the plurality of processors corresponding to the multi-
processor 25 can respectively calculate the SAD values of
all the macroblocks of the current frame 1(n+1) and store the
SAD values 1n the SAD storage umt 27.

The multi-processing unit 20 may correspond to a unit
including many processors that can perform high-speed
processing and are arranged in parallel, such as a GPU
having many processors (corresponding to the multi-proces-
sor 25) for processing 3D 1mages. Accordingly, the multi-
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processing umt 20 can simultaneously calculate the SAD
values of all the macroblocks of the current frame f(n+1) at
a high speed.

Since the multi-processing unit 20 simultaneously calcu-
lates the SAD values for all the macroblocks of the current
frame 1(n+1) at a high-speed, the multi-processing unit 10
may calculate the SAD values for all the macroblocks of the
current frame f(n+1) at least one frame prior to an 1mage
frame (for example, the previous frame 1(n)") processed by
the motion estimator 60 or the encoder 50.

The motion estimator 60 estimates motion vectors of the
macroblocks of the image using the motion estimation on
the plurality of macroblocks, that 1s, the SAD wvalues,
calculated by the multi-processing unit 20. The motion
estimator 30 estimates the motion vectors of the plurality of
macroblocks of the current frame f(n+1) in the raster scan
direction.

That 1s, the motion estimator 60 repeats an operation of
acquiring an SAD value with respect to a predetermined
macroblock among the SAD values for all the macroblocks
of the current frame 1(n+1), which are calculated and stored
in the SAD storage unit 27 of the multi-processing unit 20,
estimating the motion vector of the predetermined macrob-
lock, acquiring an SAD value with respect to the next
macroblock 1n the raster scan direction and estimating the
motion vector of the next macroblock to estimate the motion
vectors of all the macroblocks of the current frame f(n+1).

Here, the motion estimator 60 can calculate a cost corre-
sponding to each candidate motion vector of each macrob-
lock according to the above-described Equation 2 based on
Lagrange cost to estimate the motion vector of each mac-
roblock. That 1s, the motion estimator estimates a candidate
motion vector Mv corresponding to a minimum cost for each
macroblock as a final motion vector Mv of each macroblock.

The multi-processing unit 20 calculates SAD values with
respect to all the macroblocks of the next frame f(n+2) and
store the SAD values 1n the SAD storage unit 27 while the
motion estimator 60 estimates the motion vectors of the
macroblocks of the current frame f(n+1) using the SAD
values with respect to the macroblocks of the current frame
f(n+1), stored in the SAD storage unit 27.

A frame processing flow in the encoding system using
motion estimation according to the third embodiment of the
present invention, illustrated in FIG. 3, will now be
explained with reference to FIG. 7.

As 1llustrated 1n FIG. 7, when an 1mage 1s inputted, the
encoder 50 encodes a first frame 0 of the input image and the
multi-processing unit 20 calculates SAD values with respect
to all the macroblocks of a frame 1 of the input image at a
high speed for a time t1 while the first frame 0 1s encoded.
Here, the multi-processing unit 20 calculates the SAD
values with respect to all the macroblocks of the current
frame 1 based on the previous frame 0 corresponding to the
delayed input 1image without waiting for reconfiguration of
the previous frame 0, and thus the multi-processing unit 20
can calculate the SAD values independently of motion
estimation of the previous frame 0. That 1s, since the SAD
values of all the macroblocks of the current frame 1 have
been already calculated while the first frame 0 1s encoded,
the motion estimator 60 can estimate motion vectors of the
macroblocks of the current frame 1 using the previously
calculated SAD values of the macroblocks of the current
frame 1 without calculating the SAD values and the encoder
50 can encode the current frame 1 for an encoding time t2.

In the encoding system using motion estimation accord-
ing to the third embodiment of the present invention, the
multi-processing unit 20 calculates motion estimation (SAD
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or SSD) to be used for motion estimation 1n advance on the
basis of the previous frame 1(n) corresponding to the delayed
input 1mage nstead of the previous frame f(n)' reconfigured
in the atorementioned encoding system using motion esti-
mation according to the first embodiment of the present
invention, and thus the multi-processing unit 20 can calcu-
late the motion estimation (SAD or SSD) more rapidly
without waiting for encoding of the previous frame 1i(n)'
according to the encoder 50 and reconfiguration of the
previous Irame I(n)' and provide the motion estimation to the
motion estimator 60. Accordingly, the encoding system
using motion estimation according to the third embodiment
of the present invention can remarkably shorten the time
required to encode a single frame of the image from the
conventional encoding time t to t2. That 1s, the encoding
system using motion estimation according to the third
embodiment of the present invention can achieve high-speed
motion estimation to further increase the encoding speed.

An encoding system using motion estimation according to
a fourth embodiment of the present invention will now be
explained with reference to FIG. 4.

Referring to FIG. 4, the encoding system using motion
estimation according to the fourth embodiment of the pres-
ent 1nvention includes a frame bufller 80 delaying an mput
image and outputting the delayed image, a multi-processing
umt 20' for calculating motion estimation on many macro-
blocks of a current frame of the input 1image based on the
current frame of the mput image and a previous frame
delayed by the frame butfler 80, a motion estimator 60" for
estimating motion vectors of many macroblocks of the
image using the motion estimation on the plurality of
macroblocks of the current frame, calculated by the multi-
processing unit 20' 1n advance, and an encoder 50 {for

encoding the image based on the motion vectors of the
macroblocks, estimated by the motion estimator 60'.

The encoder 50 1llustrated 1n FIG. 4 1s identical to the
encoder 50 1llustrated i FIG. 1 and the frame builer 80
illustrated 1n FI1G. 4 1s 1dentical to the frame bufler 1llustrated
in FIG. 3 so that explanations thereof are omitted.

The multi-processing unit 20' calculates the motion esti-
mation on the plurality of macroblocks of the mput 1image.
Here, the motion estimation may correspond to costs of the
macroblocks, obtained according to the above-described
Equation 2 using SAD values or SSD values of motion
vectors ol many macroblocks of a current frame of the input
image, which are calculated by the multi-processing unit 20",
and an estimated motion vector of a previous macroblock,
which 1s assumed to be a predetermined fixed value.

That 1s, multiple processors (referred to as a multi-
processor 235" heremaiter) of the multi-processing unit 20
calculate SAD values with respect to all motion vectors 1n
search regions respectively corresponding to all the macro-
blocks of the current frame f(n+1) of the mput image on the
basis of the current frame 1(n+1) of the input 1mage and a
previous frame f(n) corresponding to the mput image, pro-
vided by the frame bufler 80, and store the SAD values 1n
an SAD storage unit 27

The multi-processor 25' calculates a cost corresponding to
cach candidate motion vector of each macroblock of the
current frame f(n+1) according to Equation 2 based on
Lagrange cost using the SAD values with respect to all the
macroblocks of the current frame 1f(n+1), stored in the SAD
storage umt 27'. Here, the estimated motion vector Mp 1n
Equation 2 1s assumed to be the predetermined fixed value.
If the estimated motion vector Mp i1s assumed to be the
predetermined fixed value and the motion vector of the
previous macroblock 1s not considered, a waiting time for
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estimation of the emotion vector of the previous macroblock
can be reduced and the multi-processor 235’ can calculate the
cost corresponding to each candidate motion vector of each
macroblock.

The predetermined fixed value of the estimated motion
vector Mp may be (0,0). It will be understood by those
skilled in the art that (0,0) 1s a most suitable fixed value
determined 1n consideration of the fact that a motion vector
estimated from a previous macroblock approximates (0,0) 1n
most cases.

The multiple processors of the multi-processor 25' can
respectively calculate costs corresponding to candidate
motion vectors of the macroblocks of the current frame
f(n+1) and store the costs in the SAD storage unit 27"

Here, the multi-processing unit 20' may be a user includ-
ing many processors that are arranged in parallel and can
perform high-speed processing, such as a GPU having
multiple processors (corresponding to the multi-processor
25" for processing 3D images. The multi-processing unit 20
can simultaneously process the SAD values and the costs
with respect to all the macroblocks of the current frame
f(n+1) at a high speed.

Here, since the multi-processing unit 20' calculates the
SAD values and the costs with respect to all the macroblocks
of the current frame f(n+1), the multi-processing unit 20’
may calculate the SAD wvalues and the costs for all the
macroblocks of the current frame f(n+1) at least one frame
prior to an 1mage frame (for example, the previous frame
f(n)') processed by the motion estimator 60' and the encoder
50.

The motion estimator 60' estimates a candidate motion
vector Mv corresponding to a minimum cost among the
costs with respect to all the candidate motion vectors cor-
responding to the plurality of macroblocks, previously cal-
culated by the multi-processing unit 20", as a final motion
vector of the corresponding macroblock and stores final
motion vectors Mv of the macroblocks 1n the motion vector
storage umt 80. That 1s, the motion estimator 60' uses the
costs of all the candidate motion vectors corresponding to
the plurality of macroblocks of the current frame f(n+1),
stored 1n the SAD storage unit 27' of the multi-processing
unit 20', mstead of calculating the costs to estimate a
candidate motion vector corresponding to the minimum cost
for each macroblock as the final motion vector of each
macroblock. This further decreases the encoding time t2 in
the frame processing tlow illustrated in FIG. 7.

The motion vector storage unit 80 stores the final motion
vectors Mv of the macroblocks, estimated by the motion
estimator 60'.

The encoder 50 encodes the 1mage based on the motion
vectors of the macroblocks, stored in the motion vector
storage unit 80, as described above with reference to FIG. 1.

The multi-processing unit 20' calculates SAD values and
costs with respect to all the macroblocks of the next frame
f(n+2) and stores the SAD values and the costs i the SAD
storage unit 27' while the motion estimator 60' estimates the
motion vectors of the macroblocks of the current frame
f(n+1) using the costs of the macroblocks, which are stored
in the SAD storage unit 27"

In the encoding system using motion estimation accord-
ing to the fourth embodiment of the present invention, the
multi-processing unit 20' calculates SAD or SSD values to
be used for motion estimation 1n advance on the basis of the
previous Iframe 1(n) corresponding to the delayed input
image 1nstead of the previous frame 1(n)' reconfigured 1n the
alforementioned encoding system using motion estimation
according to the second embodiment of the present inven-
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tion. Furthermore, the multi-processing unit 20' calculates
motion estimation (costs corresponding to candidate motion
vectors of macroblocks) 1 advance according to the
Lagrange cost based Equation 2 i which the estimated
motion vector Mp has a fixed value. Accordingly, the
multi-processing unit 20s can calculate the motion estima-
tion (costs corresponding to candidate motion vectors of
macroblocks) more rapidly without waiting for encoding of
the previous frame 1(n) according to the encoder 50 and
reconiiguration of the previous frame 1(n)' and provide the
motion estimation to the motion estimator 60'. Theretfore, the
encoding system using motion estimation according to the
fourth embodiment of the present invention can remarkably
shorten the time required to encode a single frame of the
image from the conventional encoding time t to t2 and
decrease even the encoding time t2. That 1s, the encoding
system using motion estimation according to the fourth
embodiment of the present invention can achieve high-speed
motion estimation to further increase the encoding speed.

A control flow of an encoding method using motion
estimation according to a first embodiment of the present
invention, which corresponds to the aforementioned encod-
ing systems according to the first, second, third and fourth
embodiments of the present invention, will now be
explained with reference to FIG. 5. The encoding method 1s
described with reference to the configuration illustrated 1n
FIG. 1 for convenience of explanation.

The multi-processing unit 10 calculates motion estimation
on many macroblocks of an input 1mage 1n step S10. Here,
the motion estimation calculated by the multi-processing
unmit 10 may correspond to SAD values or SSD values with
respect to motion vectors of many macroblocks of a current
frame of the mput image. A case that the multi-processing
umt 10 calculates SAD values 1s explamned. That 1s, the
multi-processing unit 10 calculates SAD values for motion
vectors 1n search regions corresponding to all the macrob-
locks of the current frame f(n+1) of the input 1mage on the
basis of the current frame 1(n+1) of the input image and a
reconfigured previous frame if(n)' provided by the frame
storage unit 90 1n step S10.

The motion estimator 30 estimates motion vectors of the
macroblocks of the current frame f(n+1) in the raster scan
direction using the motion estimation on the plurality of
macroblocks, calculated by the multi-processing unit 10,
that 1s, the SAD values, 1n steps S20 through S60.

Specifically, the motion estimator 30 designates a to-be-
processed macroblock of the current frame f(n+1) as a first
block 1n the raster scan direction 1n step S20. The motion
estimator 30 acquires the SAD value corresponding to the
to-be-processed macroblock from the SAD values with
respect to all the macroblocks of the current frame f(n+1),
previously calculated and stored 1n the multi-processing unit
10, and calculates costs corresponding to candidate motion
vectors of the to-be-processed macroblock according to the
following Equation 2 based on Lagrange cost in step S30.
Then, the motion estimator 30 estimates a candidate motion
vector Mv corresponding to a minimum cost among the
costs corresponding to the candidate motion vectors of the
macroblock as a final motion vector Mv of the to-be-
processed macroblock in step S40 and provides the final
motion vector Mv of the macroblock to the encoder 30.

[Equation 2]

Cost=SAD+ix(Mp-Mv) [95]

The motion estimator 30 determines whether the pro-
cessed macroblock corresponds to the last macroblock of the
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current frame f(n+1) 1n step S50, designates the next mac-
roblock in the raster scan direction when 1t 1s determined that
the processed macroblock i1s not the last macroblock 1n step
S60, and executes step S30 on the next macroblock.

The multi-processing unit 10 executes step S10 on the
next frame 1(n+1) while the motion estimator 30 carries out
steps S20 through S60. Here, the multi-processing unit 10
may perform step S10 at least one frame prior to the
operation of the motion estimator 30 to perform the steps
S20 through S60.

When it 1s determined that the processed macroblock
corresponds to the last macroblock of the current frame
f(n+1) 1n step S50, motion estimation for the current frame
f(n+1) 1s fimshed. Of course, motion estimation for the next
frame 1(n+1) 1s performed according to the above-described
control flow.

The encoding method using motion estimation according
to the first embodiment of the present invention can calcu-
late motion estimation (SAD values or SSD values) to be
used for motion estimation in advance through the multi-
processing unit capable of performing high-speed parallel
processing and perform motion estimation according to the
motion estimator using the motion estimation (SAD values
or SSD values) of macroblocks, previously calculated and
stored, to remarkably reduce the encoding time t' required to
encode a single frame of the 1mage as compared to the
encoding time t of the conventional encoding system. That
1s, the encoding method using motion estimation according
to the first embodiment of the present invention can achieve
high-speed motion estimation to improve the encoding
speed.

An encoding method using motion estimation corre-
sponding to the encoding system according to the third
embodiment of the present mvention can be explained with
reference to FIG. 5.

The encoding method further includes a step (not shown)
of delaying the input image frame by frame before step S10.
The multi-processing unit 10 calculates SAD values for
motion vectors in search regions corresponding to all the
macroblocks of the current frame f(n+1) of the input 1image
on the basis of the current frame 1(n+1) of the input 1mage
and the previous frame 1(n) corresponding to the delayed
image 1n step S10.

Accordingly, the encoding method using motion estima-
tion can execute step S10 of calculating the motion estima-
tion (SAD values or SSD values) of the macroblocks of the
current frame f(n+1) more rapidly without having a time
consumed for the encoder to encode the previous frame 1(n)'
and to reconfigure the previous frame and provide the
motion estimation to the motion estimator. Furthermore, the
encoding method using motion estimation corresponding to
the encoding system according to the third embodiment of
the present invention can make the encoding time 12
required to encode a single frame of the 1mage shorter than
the encoding time t of the conventional encoding system and
even than the encoding time t' of the encoding system
according to the first embodiment of the present invention,
as 1llustrated 1n FIG. 8.

An encoding method using motion estimation corre-
sponding to the encoding system according to the second
embodiment of the present invention will now be explained
with reference to FIGS. 2 and 6.

The multi-processing unit 10' calculates motion estima-
tion on many macroblocks of an 1mput 1image 1n steps S110
and S120. Here, the motion estimation may correspond to
costs of many macroblocks of a current frame of the 1mnput
image, which are obtained according to the aforementioned
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equation 2 using SAD values or SSD values (the multi-
processing unit 10' calculates SAD wvalues 1n the current
embodiment of the present invention) with respect to motion
vectors ol the macroblocks of the current frame and an
estimated motion vector of a previous macroblock, which 1s
assumed to be a fixed value.

That 1s, the multi-processing unit 10' calculates SAD
values or SSD values (the multi-processing unit 10' calcu-
lates SAD values 1n the current embodiment of the present
invention) for motion vectors in search regions correspond-
ing to all the macroblocks of the current frame 1(n+1) of the
input 1mage on the basis of the current frame f(n+1) and a
reconfigured previous frame i(n)' provided by the frame
storage unit 90 1n step S110. The multi-processing unit 10’
calculates costs corresponding to candidate motion vectors
ol each macroblock according to the alorementioned Equa-
tion 2 based on Lagrange cost using the previously calcu-
lated SAD values of the macroblocks in step S120. Here, the
costs may be calculated on the assumption that the estimated
motion vector Mp 1n Equation 2 corresponds to a predeter-
mined fixed value (0,0). If the estimated motion vector Mp
1s assumed to be the predetermined fixed value and the
motion vector of the previous macroblock 1s not considered,
a waiting time for estimation of the motion vector of the
previous macroblock can be shortened and the multi-pro-
cessing unit 10' can calculate the costs corresponding to the
candidate motion vectors of each macroblock at a high
speed/in parallel.

The motion estimator 30' estimates motion vectors of the
plurality of macroblocks 1n the raster scan direction using
the motion estimation on the plurality of macroblocks, that
1s, the costs, 1 steps S130, S140, S150 and S160.

More specifically, the motion estimator 30' designates a
to-be-processed macroblock of the current frame f(n+1) as a
first block 1n the raster scan direction in step S130. The
motion estimator 30' acquires the cost corresponding to the
to-be-processed macroblock from the costs of all the mac-
roblocks of the current frame f(n+1), previously calculated
and stored in the multi-processing umit 10', and estimates the
candidate motion vector Mv corresponding to a minimum
cost among costs o candidate motion vectors of the to-be-
processed macroblock as a final motion vector Mv of the
to-be-processed macroblock 1n step S140. Then, the motion
estimator 30" provides the final motion vector Mv of the
macroblock to the encoder 50.

The motion estimator 30' determines whether the pro-
cessed macroblock corresponds to the last macroblock of the
current frame If(n+1) in step S150, designates the next
macroblock 1n the raster scan direction when 1t 1s determined
that the processed macroblock does not correspond to the
last macroblock of the current frame {(n+1) 1n step S160 and
executes step S140 on the next macroblock.

The multi-processing unit 10" executes steps S110 and
S120 while the motion estimator 30' performs steps S130,
5140, S150 and S160. Here, the multi-processing unit 10’
may perform steps S110 and S120 on the next frame {{(n+2)
at least one frame prior to the operation of the motion
estimator 30' to perform steps S130, S140, S150 and S160.

When 1t 1s determined that the processed macroblock
corresponds to the last macroblock of the current frame
f(n+1) 1n step S150, motion estimation for the current frame
f(n+1) 1s finished and motion estimation for the next frame
f(n+1) 1s performed according to the above-described con-
trol flow.

The encoding method using motion estimation according,
to the second embodiment of the present invention can
calculate SAD values or SSD values to be used for motion




US 10,334,271 B2

13

estimation in advance through the multi-processing unit
capable of performing high-speed parallel processing, cal-
culate motion estimation (costs corresponding to candidate
motion vectors of macroblocks) in advance according to
Equation 2 based on Lagrange cost having a fixed value as
the estimated motion vector Mp and use the costs corre-
sponding to the candidate motion vectors of the macrob-
locks, previously calculated and stored, for motion estima-
tion according to the motion estimator to reduce the
encoding time t' required to encode a single frame of the
image such that the encoding time t' becomes shorter than
the encoding time t of the conventional encoding system and
even than the encoding time of the encoding system accord-
ing to the first embodiment of the present invention.

An encoding method using motion estimation corre-
sponding to the encoding system according to the fourth
embodiment of the present mvention can be explained with
reterence to FIG. 6.

The encoding method further includes a step (not shown)
of delaying the mput image frame by frame before step
S110. The multi-processing unit 20' calculates SAD values
for motion vectors 1n search regions corresponding to all the
macroblocks of the current frame f(n+1) of the input 1image
on the basis of the current frame f(n+1) of the input 1mage
and a previous frame 1(n) corresponding to the delayed
image 1n step S110. The multi-processing unit 20' calculates
costs corresponding to candidate motion vectors ol each
macroblock according to the above-described Equation 2
based on Lagrange cost using the previously calculated SAD
values corresponding to the macroblocks of the current
frame f(n+1) 1 step S120.

Accordingly, the encoding method using motion estima-
tion can execute step S110 of calculating the motion esti-
mation (SAD values or SSD values) of the macroblocks of
the current frame 1(n+1) more rapidly without having a time
consumed for the encoder to encode the previous frame 1{(n)'
and to reconfigure the previous frame. Furthermore, the
encoding method using motion estimation corresponding to
the encoding system according to the fourth embodiment of
the present invention can reduce the encoding time 12
required to encode a single frame of the image such that the
encoding time t2 becomes shorter than the encoding time t
of the conventional encoding system and even than the
encoding time of the encoding system according to the third

embodiment of the present invention, as illustrated 1n FIG.
8.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereot, 1t will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

INDUSTRIAL APPLICABILITY

According to the encoding system and encoding method
using motion estimation which can calculate motion esti-
mation to be used for motion estimation in advance through
a multi-processing unit capable of performing high-speed
parallel processing separately from motion estimation and
perform motion estimation using motion estimation on mac-
roblocks, previously calculated and stored, through a motion
estimator to reduce a time required to encode a single frame
of an 1mage and improve an encoding speed, a motion
estimation speed and an encoding speed can be increased
and an 1mage providing speed and throughput can be
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remarkably enhanced. Furthermore, an encoder applied to
the encoding system has suflicient sale potential.

The mvention claimed 1s:

1. An encoding apparatus using motion estimation, the
encoding apparatus comprising:

one or more processors configured to

for each 1image block included 1n an 1mage unit, obtain

information on candidate motion vectors relating to
cach image block;

determine a motion vector relating to each image block

based on the information on candidate motion vectors
for each 1image block;

generate a prediction signal relating to each 1mage block

by performing an inter prediction based on the deter-
mined motion vector; and

perform a transform and a quantization on a residual

signal of each image block, the residual signal being a
difference between an original signal relating to each
image block and the prediction signal,

wherein the 1mage unit comprises a plurality of image

blocks, the information on candidate motion vectors for
cach 1image block generated without referencing other
image blocks included 1n the image unait,

wherein the information on candidate motion vectors for

cach image block 1s generated by referencing at least an
image block 1n another 1mage unit,

wherein both the image unit and the another 1mage unait

are at diflerent positions within the same time frame,
and

wherein when the candidate motion vectors for one image

block include a fixed value, candidate motion vectors
of other image blocks included 1n the image unit also
include an 1dentical value as the fixed value.

2. The encoding apparatus of claim 1, wherein the motion
prediction information includes at least one of SAD values
with respect to each 1image block and costs corresponding to
the candidate motion vectors.

3. The encoding apparatus of claim 1, wherein the one or
more processors are configured to determine motion vectors
relating tothe plurality of the image blocks in the 1image unit
sequentially 1n raster scan direction.

4. A decoding apparatus using motion compensation, the
decoding apparatus comprising:

one or more processors configured to

for each 1image block 1n an 1image unit, obtain information

on candidate motion vectors relating to each image
block;

derive a motion vector relating to each image block based

on the information on candidate motion vectors for
cach 1image block;

generate a prediction signal relating to each 1mage block

by performing an inter prediction based on the deter-
mined motion vector; and
perform an inverse-quantization and an inverse-transiorm
on a residual signal relating to each 1mage block,

wherein the 1mage unit comprises a plurality of image
blocks, the information on candidate motion vectors for
cach 1mage block generated without referencing other
image blocks included 1n the image unait,

wherein the information on candidate motion vectors for

cach image block 1s generated by referencing at least an
image block 1n another 1mage unit,

wherein both the image unit and the another 1image unit

are at different positions within the same time frame,
and

wherein when the candidate motion vectors for one image

block include a fixed value, candidate motion vectors
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ol other image blocks included 1n the 1image unit also
include an 1dentical value as the fixed value.

5. The decoding apparatus of claim 4, wherein the motion
prediction mformation includes at least one of SAD values
with respect to each 1image block and costs corresponding to
the candidate motion vectors.

6. The decoding apparatus of claim 4, wherein the one or
more processors are configured to derive motion vectors
relating to the plurality of the image blocks 1n the image unit
sequentially in raster scan direction.
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